Abstract-The aim of this paper is to compare the spontaneous and induced with cyclophosphamide micro nucleus indexes in bone marrow cells of the Sprague Dawley, Lewis and Wistar rat lines. Five experimental groups were formed (10 animals of each sex and of each line, in every group). The first group was used as the negative control (intact animals), the second one was exposed to oral administration of drugs; other condi tions were the same as for the other groups. The third group was treated with 2% Tween 65 and the fourth group was treated with 0.9% NaCl. Both substances were administered by oral way to 2 mL/kg during 14 days. The fifth group was treated intraperitoneally with strong mutagen cyclophosphamide in the dose of 50 mg/kg (10 mL/kg in solution), on 48th and 24th hours before euthanasia. The Sprague Dawley line (both sexes) was significantly different from the other lines. Rats of this line had lower index of spontaneous formation of micronuclei, higher index of cyclophosphamide induced micronucle formation, percent of micronucleated erythrocytes in bone marrow and the index of cytotoxicity. The results obtained make it possible to identify the most appropriate line of rats as model animals for studies of genotoxicity. It will allow also to obtain more accurate estimates of genotoxicity of various substances.
INTRODUCTION
Usually for testing genotoxicity of different sub stances researchers use different lines of rats. Due to genetic differences between lines their results cannot be compared. That is why the correct choosing of model organisms remains the very important problem [1] . Comparative studies of spontaneous and induced genome damages in different lines of rats could pro vide researchers with efficient way of choosing the most appropriate genetic lines of rats for their tests.
One of popular test of genotoxicity is the micronu cleus assay in bone marrow cells. This test is easy to perform and it provides researchers with clear infor mation on the rate of genome damages in bone mar row cells. This approach allows to register in vivo an ability of chemical substances to induce chromosome breaks [2] . The increasing of frequency of polychro matic erythrocytes with micronuclei indicates the respective invreasing of chromosome damages [2, 3] . The detection of micronucleated erythrocytes can also be performed in species, whose spleen cannot elimi nate the micronucleated erythrocytes or species suffi ciently sensitive to detect agents that cause numeric or structural chromosome aberrations [2, 3] . The micro nucleus assay must include the positive control with 1 The article is published in the original. mutagenic substance-usually cyclophosphamide [2] . This mutagen is an alquilant agent that forms monoad ducts and cross connections between chains [3] and does not possess the specificity dependent on the cell cycle [4] . The aim of this article is to compare the spon taneous and cyclophosphamide induced micronucleus indexes of Sprague Dawley, Lewis and Wistar rat lines.
MATERIALS AND METHODS

Animals and Environmental Conditions
Sprague Dawley, Lewis and Wistar rat lines, young adults (6-8 weeks of age) of both sexes with body mass about 180-210 g at the end of the quarantine were used in our work. They were held under temperature 23 ± 2°C, relative humidity 60 ± 10% and 12 h cycles of light darkness. The access to the water and the food (CENPALAB) was ad libitum. These conditions were common for all groups. We adhered to the ethical principles for the investigation with laboratory animals according to the Canadian Advice of Care Animal [5] .
Doses and Treatment Procedures
All the substances were administered in the "two days" shedule and the concentrations were adjusted weekly according to the body mass increasing. The , and A. Vidal Novoa animals were randomly distributed among 5 groups with 10 rats of each sex of each line per group. The first group was used as the negative control (intact ani mals), the second one was exposed to oral administra tion of drugs (technique control group). The third experimental group was treated with 2% Tween 65 (carrying substance 1) which is used as carrier of many nonpolar hydrophobic substances, useful as tensoac tive agent [6] ; the fourth group was treated with 0.9% NaCl (carrying sustance 2), useful as solvent of most hydrophilic substances [7] . Both substances were pre pared for 2 hours before using and were applied per os to 2 mL/kg during a period of 14 days. The fifth group was treated intraperitoneally with cyclophosphamide (Ledoxina ® . Lemery. CORP) previously dissolved in 0.9% NaCl, in the dose of 50 mg/kg [8] . The solution of cyclophosphamide was used immediately after being prepared and applied to animals (in dose 10 mL/kg), on the 48th and 24th hours before euthanasia [8] .
Clinical Observations
We performed two daily clinical observations, dur ing 8:30-10:30 a.m. and during 3:00-4:30 p.m. Dur ing each observation we had investigated the general clinical state of the animal, including the palpation for the detection of lesions, possible breathing affecta tions, of the nervous, cardiovascular, gastrointestinal system, state of the skin, hair, mucous and eyes color ation.
Euthanasia Method
All animals were sacrificed with ether. We provided this process in a way that the animals did not show pain signs or suffering.
Bone Marrow Cells Micronucleus Assay
The micronucleus assay was performed according to the modified protocol [9, 10] . One femur per ani mal was extracted and the medullar cavity was washed out with 3 mL of fetal bovine serum. The obtained cells were centrifuged at 200 g for 10 min; and the pel let was spreaded onto the slides [9] . The slides (mini mum 2 slides per animal) were dried 24 h under ambi ent temperature, fixed in absolute methanol (5 min) and stained with 5% Giemsa for 12-15 min [10] . The analysis was performed by three independent observ ers, using a microscope Olympus BH 2 (100× lens with immersion).
The polychromatic erythrocytes (PE) and normo chromatic erythrocytes (NE) were counted among 2000 cells/animal. The young erythrocytes are the PE, microscopically they are observed as blue cells and the normochromatic erythrocytes (adults) are observed as pink [2, 9] . The percent of PE with micronucleus (MN EP) was calculated in 2000 PE/animal. Later the cytotoxicity index (PE/NE) was calculated for the total population of erythrocytes per group and total number of micronucleus (MN) [10] . In this work we presented the average results of three independent observers.
Statistical Analysis
We calculated the average (X) and standard devia tion (S.D) of studed variables. The comparisons between controls and cyclophosphamide treated (CF) groups for the same line, among different lines, sex and observers were performed with ANOVA with significance level α = 0.05. The categorical variables (total number of micronuclei) were analysed by Chi Square, with significance level of α = 0.01. All the analyses were performed with STATISTICA (ver. 6) (StatSoft, Inc, 2003).
Permission of Ethics Committee
The authors declare that this work was made on the base of good practices of preclinical laboratory that are present in the national regulation of protocols of research, approved in the Cuban republic. When this research began it was obtained the protocol approval in writing.
RESULTS AND DISCUSSION
We did not observe any systemic damages of the whole organism of animals. We did not observe also animals with symptoms of intoxication. The damages were noted at the level of somatic cells. It let us con clude that the doses and the schedule of treatments were appropriate.
The groups of cyclophosphamide treated animals differed from other groups of rats, while groups of neg ative controle, groups of control of the treatment way and two solvent substances did not differe each from other in the same sex groups and lines [7, 11] . The results obtained for Sprague Dawley rats are in good accordance with our previous works [12, 13] .
The low (but significant) intoxication (PE/NE) was noted for Sprague Dawley rats of both sexes. No differences were found among sexes of the same group and rat line (Table 1) [7, 11] . In other studies differ ences among sexes were not observed also [14] [15] [16] .
In Sprague Dawley line the PE/NE is equal 1.18 ± 0.06; the genotoxicity index was about 0.15 ± 0.06% of polychromatic erythrocytes with micronucleus. The response of Sprague Daw ley line to the cyclophos phamide was high, but smaller than the clastogenicity results obtained in both sexes of Lewis and Wistar lines. The total MN level in Sprague Dawley rats was lower than in animals of other lines. On the other hand, the cyclophosphamide revealed its biggest clas togenic effect in the males of Wistar rats [11, 16] . Sig nificant differences between sexes were not observed. The different response of rat lines on cyclophospha mide is the result of their differences in drug metabo lism [7, 17, 18] . Hepatic enzymes are fundamental in the first phase of xenobiotic metabolism that partici pates in the cyclophosphamide metabolism in the liver [7, 11, [17] [18] [19] [20] [21] . The differences in expressions of enzymes lead to differences in their metabolisms [20, 21] ; different concentrations of the metabolites, active mutagene levels and so on.
The comparison of data of three independent observers is shown in the Table 2 . In general the results 1 Intraperiytoneal treatment. * p < 0.05 (comparison with the negative control group in the same genetic line and sex, ANOVA test). ** p < 0.01 (comparison with the negative control group in the same genetic line and sex, Chi Square (χ 2 ) non parametric test); a, b-different letters it differs when comparing among lines keeping in mind the same variable in the same experimental group and sex; c-comparison between sexes in the same experimental group and rat lines.
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No. 2 2013 demonstrated little variation of the variables and stud ied experimental groups. These data are in good corre spondence with results of other investigators [23, 24] where high repeatability and consistency in their micronucleus assay in bone marrow cells were demos trated. Thus, it may be recommended to explore geno toxic effects of drugs at the chromosome level [9] .
Being based on the data obtained, we suppose that the Sprague Dawley rat line is more genetically stable than the other lines. This line revealed the lower spon taneous indexes and acceptable cyclophosphamide induced indexes [25, 26] . These results are important also due to heterogeneity of response of the Sprague Dawley rats, similar to those in human populations [25, 26] . Futher, we suggest to use Wistar rats in exper iments with cyclophosphamide intraperitoneal treat ment as positive control. In our experiments Wistar line was the most sensitive to the mutagenic action of cyclophosphamide and this line may be good bio model to detection of mutagenic effects of similar sub stances.
CONCLUSIONS
The Sprague Dawley rats of both sexes differ signif icantly from the other lines in lower spontaneous indexes and acceptable induced with cyclophospha mide indexes in the bone marrow cells micronucleus assay.
